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Introduction
A series of storms beginning before Christmas 2005 and ending after New Year's Day 2006 produced significant runoff over much of northern California, including the north coast and the Sierra Nevada. There were localized evacuations and flooding, some slope failures, and road closures. An estimated $300 million in damages were attributed to the storms (California Office of Emergency Services, 2006) . Ten counties subsequently were declared Federal disaster areas: Contra Costa, Del Norte, Lake, Marin, Mendocino, Napa, Sacramento, Siskiyou, Solano, and Sonoma (Federal Emergency Management Agency, 2006) . Major flood damages were concentrated primarily in the Napa and Russian River Basins in Napa and Sonoma Counties.
The flooding was widely compared by the media to the floods of 1986 and 1997, although the stream discharges generally were significantly smaller than those of the earlier floods. A storm on January 1 had been predicted to cause problems in southern California also; however, that storm did not develop as predicted. Nevertheless, the storm did manage to rain on the Rose parade for the first time in 51 years.
Summary of Major Storms
On the basis of provisional data obtained from the National Weather Service, California-Nevada River Forecast Center (2006), storm totals recorded by automated rainfall recorders at several precipitation stations on the western slopes of the Sierra Nevada during the December 24-January 3 period were greater than 20 inches. In addition, recorders at several stations at the headwaters of the Russian and Napa River Basins in the Coast Range had storm totals greater than 18 inches. Storm totals at two selected stations in the Coast Range (Willits Howard RS and Venado) and at two selected stations in the Sierra Nevada (Brush Creek and Girard) are presented in table 1.
The 3 days of the 7-day period with the most intense precipitation were December 28, December 31, and January 2. Daily precipitation totals were for a 24-hour period 4:00 a.m. to 4:00 a.m. Precipitation was as much as 4.68 inches on December 28 at the Willits Howard RS station. On December 31, the day of most intense rainfall over most of northern California, more than 5 inches were recorded at all sites, and the Venado and Willits Howard RS stations recorded 6.81 and 7.12 inches, respectively. Although rainfall intensity on January 2 generally was less than on December 28 and December 31, as much as 3.84 inches was recorded at Venado. Figure 1 shows the areal distribution and amounts of daily rainfall throughout northern California on December 28, 31, and January 2.
Summary of Flooding
Unusually warm storms produced more runoff from higher elevations than normal for December and January. Because the accumulated snow pack had been rather light, snowmelt did not significantly increase runoff. Previous large floods in northern California, including the most recent in 1986 and 1997, had significant runoff from snowmelt as well as from large storms (Hunrichs and others, 1998; U.S. Geological Survey, 1989) . Table 2 shows recorded peak discharges, gage heights, and computed recurrence intervals associated with the peak discharges at selected USGS streamflow-gaging stations. The peak discharges of record at the sites are also shown. The peak-discharge data are from near-real time stations, and the data are provisional and may change based on further review. As indicated by table 2, five sites, with periods of recorded data ranging from 24 to 64 years, had peaks of record (rank 1) on December 31, 2005. Figure 2 shows the locations of the streamflow-gaging stations and the recurrence intervals for the December-January peak discharges and the locations of 4 selected precipitation stations. Table 2 . Peak discharge data for selected U.S. Geological Survey streamflow-gaging stations in California.
[Rank, position of the December-January peak discharge in a ranked, from largest to smallest, list of all recorded annual peak discharges for the period of record. mi Recurrence intervals, which express the average length of time in years between exceedances of peak flood discharges as large as those recorded during the December-January flood period, provide an indication of the frequency of flooding. For example, a peak discharge with a recurrence interval of 10 years is likely to be exceeded, on average, once every 10 years. The reciprocal of recurrence interval is the annual exceedance probability of a peak discharge. A peak discharge with a recurrence interval of 10 years has an annual exceedance probability of 0.10, or 10 percent. During any year, the probability of having a peak discharge greater than a peak discharge with a 10-year recurrence interval is 0.10, or 10 percent.
Flood frequencies (recurrence intervals) for the December-January peak discharges were determined by fitting a log Pearson Type 3 probability distribution to the period of recorded annual peak discharges (through 2004 and including the December 2005-January 2006 peak discharge) at each site using methods described in Bulletin 17B by the Interagency Advisory Committee on Water Data (1982) . The floodfrequency analyses were based on regional skew values provided in Bulletin 17B and did not include any adjustments for historical floods, high or low outliers, comparison with other stations, or other procedures described in the bulletin. The flood-frequency analyses also did not account for streamflow regulation or land-use changes over time, such as urbanization. These recurrence intervals are thus provisional and likely to change after a more thorough and rigorous analysis of flood frequency in California. The need for updated flood-frequency information in California is highlighted by the bar chart in figure 3 , which shows that the three largest annual peak discharges at the Napa River at Napa (USGS station 11458000) were in water years 1986 , 1995 (December 31, 2005 , after the last (1977) statewide systematic updating of flood-frequency data for USGS gage sites (Waananen and Crippen, 1977) .
The most commonly used recurrence intervals for analyses of peak discharges are 2, 5, 10, 25, 50, and 100 years. These recurrence intervals were also used for the DecemberJanuary peak discharges analyzed in this study. The intervals are presented in table 2 and figure 2 for the following ranges: less than 2 years, 2 to 5 years, 5 to 10 years, 10 to 25 years, 25 to 50 years, and greater than 100 years. 40,000 1 9 3 0 1 9 3 5 1 9 4 0 1 9 4 5 1 9 5 0 1 9 5 5 1 9 6 0 1 9 6 5 1 9 7 0 1 9 7 5 1 9 8 0 1 9 8 5 1 9 9 0 1 9 9 5 2 0 0 0 2 0 0 5 2 0 1 0
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Three largest annual peak discharges (1986, 1997, and 2006) In the north coast area, the recurrence intervals for the peak flows generally were in the 10-to 25-year range. Discharge for some stations, particularly those near the mouth of the Klamath River and in the upper Russian River Basin ( fig. 4) , showed more extreme flows, with recurrence intervals in the 25-to 50-year range. The peak discharge for the Sonoma River at Agua Caliente (USGS station 11458500) had a recurrence interval greater than 100 years and was about twice as big as the previous peak of record. Records at this site, however, do not include data for the large-flood years of 1986 or 1997.
The Russian River at Guerneville (USGS station 11467000), where significant flooding also occurred, had a recurrence interval in the 10-to 25-year range. Other streams, particularly those in the Eel River Basin, had less extreme peak discharges, with recurrence intervals in the 5-to 10-year range.
Streams in the San Francisco Bay area, including the Napa River Basin, had peak discharges with recurrence intervals generally in the 10-to 25-year and 25-to 50-year ranges. Along the central coast (Carmel River and Salinas River, for example) and in southern California (Sespe Creek and Arroyo Seco, for example), recurrence intervals generally were in the 2-to 5-year range.
Flows in the mainstem of the Sacramento River stayed within the capacity of the flood-control system, as relief weirs and bypass channels were brought into operation. The peak discharge on the Sacramento River above Bend Bridge near Red Bluff (USGS station 11377100), which is regulated by Lake Shasta, had a recurrence interval of less than 2 years. Unregulated peak streamflows from tributaries draining the Coast Range on the west side of the upper Sacramento River Basin showed recurrence intervals in the 2-to 5-year range, whereas peak discharges from tributary streams draining the southern Cascade Mountains and the Sierra Nevada on the east side of the Sacramento River Basin had recurrence intervals in the 5-to 10-year range. Recurrence intervals for peak discharges from tributary streams farther south in the Sacramento River Basin (Yuba River and American River) generally were in the 10-to 25-year range ( fig. 5) . High flows, coupled with high tides and high winds, caused problems along levees in the Sacramento-San Joaquin River delta. At some locations, wind waves overtopped, but did not collapse, levees. Officials noted more than 40 episodes of erosion or seepage in the levees.
On the east side of the central Sierra Nevada around Lake Tahoe, these warm storms generally brought runoff peaks with recurrence intervals in the 10-to 25-year range. Further south, streams draining from the Sierra Nevada into the San Joaquin River Basin had peak flows with recurrence intervals ranging from 2 to 5 years. 
